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MEMORANDUM FOR FILE 

I .  I n t r o d u c t i o n  

Up-data i s  t h e  term u s e d  t o  d e s c r i b e  t h e  d i g i t a l  
i n f ' s m a t i c n  s e n t  f r n m  t h e  Manned Space F l i g h t .  N e t w o r k  (MSFN) 
s i t e s  on E a r t h  t o  t h e  A p o l l o  Command S e r v i c e  Module (CSM), 
Lunar  Module (LM) and t h e  Launch V e h i c l e  I n s t r u m e n t  Un i t  
(SIVB/IU).  The Up-Data L ink  ( U D L )  u sed  i n  A p o l l o  t o  send  
da t a  t o  t h e  CSM, d e v e l o p m e n t a l  LM, and  SIVB/IU has 
e v o l v e d  from tne Gemini I l i g i t a l  Corrirriarid S y s t e m .  Eoth t h e  
Gemini and  t h e  A p o l l o  sys t ems  u s e  d i g i t a l  c o d e s  i n  c o n t r a s t  
t o  t h e  m u l t i p l e  t o n e  s y s t e m  u s e d  i n  t h e  Mercury P r o j e c t .  

P r o j e c t  Mercury employed t h e  command s y s t e m  t h a t  
was u s e d  a t  most o f  t h e  mi s s i l e  t e s t  f a c i l i t i e s  w i t h i n  t h e  
U n i t e d  S t a t e s .  I n  t h i s  sys tem,  a n  UHF c a r r i e r  i s  f r e q u e n c y  
modu la t ed  w i t h  c o m b i n a t i o n s  o f  t w e n t y  d i s c r e t e  I R I G  s u b c a r r i e r  
t o n e s .  P r o j e c t  Mercury was r e s t r i c t e d  t o  use no  more t h a n  
t h i r t e e n  t o n e s  d u r i n g  l a u n c h ,  and f i f t e e n  d u r i n g  o r b i t .  These  
r e s t r i c t i o n s  were  imposed t o  a v o i d  p o s s i b l e  i n t e r f e r e n c e  w i t h  
t h e  Range S a f e t y  o p e r a t i o n s  and t c  a v o i d  t h e  p o o r  m o d u l a t i o n  
c h a r a c t e r i s t i c s  o f  t h e  h i g h e r  s u b c a r r i e r  t o n e s  ( s ee  R e f e r e n c e  1) .  
A s  t h e  Mercury program e v o l v e d ,  t h e  conmand r e q u i r e m e n t s  
s t e a d i l y  i n c r e a s e d  u n t i l  i t  became e v i d e n t  t h a t  t h e  Mercury 
command sys t em was a p p r o a c h i n g  t h e  l i m i t  o f  i t s  c a p a b i l i t y  t o  
s u p p o r t  manned s p a c e  f l i g h t .  D u r i n g  t h e  l a t e r  Mercury f l i g h t s ,  
i t  was d e c i d e d  t h a t  t h e  fo l low-on Gemini f l i g h t s  s h o u l d  u s e  a 
d i g i t a l  command s y s t e m .  The d i g i t a l  command s y s t e m ,  h a v i n g  a 
g r o w t h  p o t e n t i a l  g r e a t e r  t h a n  t h a t  f o r  t h e  t o n e  s y s t e m ,  would 
a l s o  be  a b l e  t o  s u p p o r t  t h e  A p o l l o  m i s s i o n s  t o  f o l l o w  Gemini .  
I n  t h e  same way t h a t  Mercury f a c i l i t i e s  were u s e d  as  b a s i c  
b u i l d i n g  b l o c k s  f o r  Gemini ,  t h e  Gemini f a c i l i t i e s  a re  u s e d  
f o r  s u p p o r t i n g  t h e  A p o l l o  m i s s i o n s .  
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C o n s i d e r a t i o n s  o f  r e q u i r e d  bandwid th ,  e x i s t j - n g  e q u i p -  
men t ,  Range S a f e t y  f u n c t i o n s ,  p e r f o r m a n c e  m a r g i n s ,  e t c . ,  l e d  
t o  t h e  a d o p t i o n  of a m o d u l a t i o n  t e c h n i q u e  which  u t i l i z e d  Phase 
S h i f t  Keying ( P S f ) ,  i n  c o n J u n c t i o n  w i t h  s u b - b i t  c o d i n g ,  f o r  
d i g i t a l  commands . I n  t h i s  s y s t e m ,  d i g i t a l  d a t a  a r e  u s e d  
t o  phase  s h i f t  a 2 Kc t o n e  a t  a 1 Kc r a t e .  The mpdu la t ed  2 Kc 
t o n e  i s  t h e n  summed w i t h  a 1 Kc sync  t o n e  f o r  t r a n s m i s s i o n  t o  
t h e  s p a c e  v e h i c l e .  F i g u r e  1 d e p i c t s  t h e  l i m i t s  o f  t h e  p r i m a r y  
f r e q u e n c y  s p e c t r u m  o f  t h e  Gemini PSK s y s t e m  and t h e  Mercury 
I R I G  t o n e s .  The PSK m o d u l a t i o n  t e c h n i q u e  i s  t r e a t e d  i n  d e t a i l  
i n  l a t e r  p a r a g r a p h s .  

This memarandiim d e s c r i  hes t h e  following un-da ta  
c h a r a c t e r i s t i c s  f o r  t h e  CSM, d e v e l o p m e n t a l  LM, an?  SIVR-TU: 

(1) Data t r a n s m i s s i o n  modes i n  t h e  A p o l l o  IVISFN, 

( 3 )  Types o f  commands and  t h e i r  f o r m a t ,  

(4) Data f l o w  and  d e t e c t i o n  onboard  t h e  CSM, L M ,  and  
SIVB/IU. 

I n  o r d e r  t o  keep  t h e  s i z e  of' t h e  memorandum t r a c t a b l e , ,  
o n l y  t,he b a s i c  e l e m e n t s  o f  t h e  up -da ta  s y s t e m  are d i s c u s s e d .  
Tt s h o u l d  b e  n o t e d  t h a t  t h e  cornmupicat ion system I 'or  t h e  
opey;_rf i o n a l  J,M d o e s  n o t  have a n  u p - d a t a  c a p a b i l i t y ,  a l t h o u g h  i t  
i s  now b e i n g  d i s c u s s e d  for p o s s i b l e  LIP computer  up d a t e s .  

11. E a s i c  Data Flow - MCC-H t o  MSFN Sites 

T h e  f o l l o w i n g  p a r a g r a p h s  c o v e r  command da t a  f l o w  i n  
a c u r s o r y  manner w i t h  t h e  i n t e n t i o n  o f  p r o v i d j n g  t h e  reader  
w i t h  a g e n e r a l  u n d e r s t a n d i n g .  For a more d e t a i l e d  d e s c r i p t i o n ,  
t h e  reader  i s  r e f e r r e d  t o  R e f e r e n c e s  2 and 8 .  

The  Apollo s p a c e  v e h i c l e ( s )  r e c e i v e s  commands f rom 
t h e  MSPN b y  t h e  MCC-H o p e r a t i n g  i n  c o n j u n c t i o n  w i t h  e i t h e r  
" remote"  oE "remoted"  s i t e s .  The r emote  MSFN s i t e ,  h a v i n g  
F l i g h t  C o n t r o l l e r s ,  has t h e  c a p a b i l i t y  o f  i n i t i a t i n g  commands 
to t h e  s p a c e  v e h i c l e  as w e l l  as  r e l a y i n g  commands from MCC-H,  
whereas  a t  a remoted s i t e ,  command i n i t i a t i o n  i s  a c c o m p l i s h e d  
a t  MCC-H o n l y .  However, i t  s h o u l d  b e  n o t e d  t h a t ,  i n  a n  emergency ,  
a remoted  s i t e  c o u l d  s e n d  commands as a t  a r emote  s i t e  t h r o u g h  
t h e  use  of  o p e r a t i n g  p e r s o n n e l  a t  t h e  s i t e .  From t h e  p r e c e d i n g  
i t  i s  s e e n  t h a t  t w o  b a s i c  modes ( s e e  F i g u r e  2 )  e x i s t , , b e t w e e n  

MCC-H and t h e  MSFN s i t e s ,  namely (1) t h e  commarid u p - l i n k i n g  
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i n i t i a t e  c a p a b i l i t y  i s  per formed a t  t h e  s i t e ,  a n d  ( 2 )  t i l u  ~ . o ~ ~ I , l : l r l c j  
u p - l i n k i n g  i n i t i a t e  i s  per formed a t  MCC-II 

The commands r e q u i r e d  by  t h e  s p a c e  v e h i c l e ( s )  c a n  
b e  d i v i d e d  i n t o  two m a j o r  c a t e g o r i e s ,  i . e . ,  kea1 T i m e  Commands 
(RTP S )  f o r  c o n t r o l l i n g  "on" a n d  r r o f f f r  f u n c t i o n s ,  and  s p a c e  
v e h i c l e  computer  u p - d a t i n g  commands. The RTC's a r e  stor 'e(3 a t  
t h e  MSFN s i t e s  whereas v e h i c l e  u p - d a t i n g  d a t a  originates a t  
MCC-H. I t  s h o u l d  b e  n o t e d  t h a t  o n l y  t h e  u n i q u e  p o r t i u r l .  of 
t h e  u p - d a t i n g  words a re  s e n t  f rom MCC-H. For example ,  t h e  
o n - s i t e  computer  adds s u c h  i tems as v e h i c l e  and  system a c l c l ~ ~ s s e s  
d u r i n g  t h e  p r o c e s s i n g  o f  t h e  r e c e i v e d  d a t a  i n t o  ttie p r o p e r  
- f o r m a t  - -  f o r  t r a n s m i s s i o n  t o  t h e  s p a c e  v e h i c l e .  

F i g u r e  3 i l l u s t r a t e s  d a t a  f l o w  a t  a r emote  s i t e .  The 
Cormand Data P r o c e s s o r  (642-B) computer ,  upon r e c e j p t  o f  tile c o r r e c l  
s i t e  address on a message from MCC-H, p r o c e e d s  w i t h  da t a  v a l i d a -  
L L W I I  b y  c h e c k i n g  t .he  error c o d i n g  and  word s t r u c t u r e .  TJpon 
v a l i d a t i o n ,  t h e  s i t e  s t o r e s  t h e  i n f o r m a t i o n  and n o t i t ' i e s  
MCC-H t h a t  a c o r r e c t  t r a n s m i s s i o n  has been  a c c o m p l i s h e d .  The 
v a l i d a t i o n  messages  t o  MCC-H a r e  c a l l e d  C A P ' S  (Computer  
Accep tance  P a t t e r n ) .  Command l o a d s ,  which a r e  s t , n r e d  i n  computer  
memory, are  a l s o  r e c o r d e d  on m a g n e t i c  t a p e .  Thus, if a command 
s h o u l d  become i n v a l i d  f o r  any  r e a s o n  a f t e r  s t o r a g e  i n  t h e  
memory i t  c a n  b e  r e - w r i t t e n  i n t o  memory as  i f  i t  came from 

L _. -.- 

M C C - ~ . d  
The Console  Computer I n t e r f a c e  A d a p t e r  ( C C I A )  f u n c t i o n s  

a s  t h e  i n t e r f a c e  be tween t h e  C o n s o l e s ,  iJp-Data S u f f e r ,  and  t h e  
642-B.  The Up-Data B u f f e r  s e r v e s  a s  a n  i n t e r f a c e  be tween t h e  
u p - d a t a  s u b c a r r i e r  o s c i l l a t o r ,  r a d i o  t r a n s m i t t i n g  e q u i p m e n t ,  
a n d  t h e  642-B computer2y8.  

O p e r a t i o n a l l y ,  a f t e r  a command word h a s  been  
encoded  i n  s u b - b i t s ,  t h e  642-R s u p p l i e s  t h e  command word,  
30 b i t s  a t  a t i m e ,  t o  t h e  up-da ta  b u f f e r .  However, o n l y  25 
s u b - b i t s  ( 5  i n f o r m a t i o n  b i t s )  o f  t h i s  word a r e  a c t u a l l y  a 
p o r t i o n  of t h e  command word s i n c e  5 b i t s  a re  c a r r i e d  a l o n g  
f o r  c o n t r o l  p u r p o s e s .  The b u f f e r  s t o r e s  t h e s e  data b i t s  and  
a t  t h e  p r o p e r  t ime modu la t e s  a n  a u d i o  t o n e  which i s  l a t e r  
summed w i t h  a s y n c h r o n i z i n g  t o n e  and t h e  c o m p o s i t e  u sed  t o  
m o d u l a t e  t h e  u p - d a t a  s u b c a r r i e r  o s c i l l a t o r .  The up -da ta  b u f f e r  
a l s o  d e m o d u l a t e s  d a t a  from t h e  m o n i t o r  r e c e i v e r ,  and p e r f o r m s  
s w i t c h i n g  o p e r a t i o n s  between m o d u l a t o r s  , demodi1 1 , i i ,or1s,  a n d  RF 
equ ipmen t .  After d e m o d u l a t i n g  t h e  i n f o r m a t j o n  s u p p l  ietl by  
the  woiiitor r e c e i v e r  i t  p r o v i d e s  t h e s e  d a t a  (wh ich  s h o u l d  b e  
r e p l i c a s  of  t h e  da ta  b i t s  t r a n s m i t t e d  t o  t h e  s p a c e c r a f t )  t o  
t h e  6142-~ f o r  v e r i f i c a t i o n  p r o c e s s i n g .  It s h o u l d  be  n o t e d  
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thst if a s u b - b i t  error i s  d e t e c t e d ,  t h e  feed-back l i n k  v i a  
t h e  m o n i t o r  r e c e i v e r  and up-da ta  b u f f e r  i s  f i rs t  checked  f o r  
e r r o r s  before  a d e c i s i o n  i s  made to t e r m i n a t e  t h e  up -da ta  
t r a n s m i s s i o n .  

111. M o d u l a t i o n  Methods 

Dur ing  e a r l y  Apollo t e s t  m i s s i o n s  i n v o l v i n g  t he B l o c k  
I CSM, L M  (LMs I, and 111, and the SIVE/IU on up  ra ted S a t u r n  T 
l a u n c h  v e h i c l e s ,  u p - d a t a  commands w i l l  b e  t r a n s m i t t e d  by f r e -  
quency  m o d u l a t i n g  a n  UHF ( 4 5 0  mc) c a r r i e r .  D i i r i r i q  l a t t r  A p o l l o  

S-Rand Sys tem u t i l i z e d  except  f o r  Command D e s t r u c t  sys ; tem o n  
t h e  l a u n c h  v e h i c l e .  A s  no ted  b e f o r e ,  t h e  o p e r a t i o n a l  T,lvr w i l l  
n o t  b e  p r o v i d e d  w i t h  a n  up-da ta  l i n k .  T n s t e a d ,  u p - d a t i n c  i n  
t h e  LM w i l l  b e  a c c o m p l i s h e d  b y  t h e  a s t r o n a u t s  i n  3c:cordcince 
w i t h  v o i c e  i n s t r u c t i o n .  

m i  I l l L L ) " 1 " I I "  e - 4  n n c  J t h e  rJEF e q i ~ i p p ~ p n t  \+rtll be ~ > - i ~ , ~ n ~ t ~ d  ; j ~ d  t h e  \ ) r i j  

When t h e  TJSB system i s  used for t r . ansn i i t t , i np  u p - d a t a  
to t h e  SIVB/IU and the CSM, a 7 0  Kc s u b c a r r i e r  i s  t'r.t.quttncy 
modu la t ed  w i t h  t h e  u p - d a t a  i n f o r m a t i o n  arid Lhe s u b c a r r i e r ,  i n  
turn, used  t o  p h a s e  modu la t e  t h e  main  S-Band carr-ier4,  
( 2 1 0 6 .  llinc for t h e  CSM and 2101.8mc for t h c  S l V H / I  [ J )  . 

IV. Command and  U D - D a t a  T 'vDes 

T h i s  s e c t i o n  summarizes  t h e  t y p e  of' Commands 
and  Up-Data t r a n s m i t t e d  from t h e  A p o l l o  MSFN to t h e  CSM, t o  
t h e  d e v e l o p m e n t a l  LM,and t o  t h e  SIVB/IU. Late r  s e c t i o n s  t r e a t  
t h e s e  commands i n  g rea te r  d e t a i l .  

A .  WSFN t o  CSM. Four  b a s i c  t y p e s  o f  u p - d a t a  messages are 
t r a n s m i t t e d  t o  t h e  CSM from t h e  A p o l l o  MSFN, namely :  

1. Real T i m e  Commands ( R T C )  to t u r n  s p a c e c r a f t  
equ ipmen t  on and  o f f  and t o  change  o p e r a t i n g  modes 
( e . g . ,  t r a n s m i t t e r  h i g h  power t o  low p o w e r ) .  

2 .  Up-da t ing  i n f o r m a t i o n  f o r  t h e  Apollo Guidance  
Computer (AGC). T h i s  i n f o r m a t i o n  i s  u s e d  t o  b r i n g  
t h e  s p a c e c r a f t  computer  up to da te  i n  a c c o r d a n c e  w i t h  
t h e  new i n f o r m a t i o n  d e v e l o p e d  a t  t h e  C o n t r o l  C e n t e r  
as  a m i s s i o n  c o n t i n u e s .  
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3. Up-da t ing  i n f o r m a t i o n  for t h e  t i m e  a c c u m u l a t o r  
i n  t h e  C e n t r a l  Timing Equipment (CTE). The message  
c o n t a i n s  u n i t s  of t i m e  i n  s e c o n d s ,  m i n u t e s ,  h o u r s ,  
and d a y s .  

4. T e s t  Messages (T/M) to o b t a i n  a s e l f - c h e c k  on t h e  
s p a c e c r a f t  d i g i t a l  equ ipmen t .  

B.  MSFN t o  LM. The LM's t o  b e  used  i n  deve lopment  f l i g h t s  
i n  e a r t h  o r b i t ,  namely LM I ,  and  LM I1 w i l l  have  u p - d a t i n g  
c a p a b i l i t i e s  f rom t h e  MSFN o v e r  a n  UHF communicat ion l i n k .  
For o t h e r  LM's, however ,  u p - d a t i n g  w i l l  b e  accompl is l ied  by t h e  
a e t r c n a u t s  en the b a s i s  o f  v o i c e  i n s t r u c t i o n  and  n o t  by s e n d i n g  
u p - d a t a  f rom t h e  Apo l lo  MSFN. 

Four  t y p e s  of up-da ta  messages  a re  t r a n s m i t t e d  t o  
t h e  d e v e l o p m e n t a l  LM from t h e  A p o l l o  MSFM. These  a r e :  

1. R e a l  T ime  Commands (RTC) f o r  t u r n i n g  LM equipment  
on and o f f .  

2 .  Up-da t ing  i n f o r m a t i o n  for t h e  LPI Guidance  Computer 
( L G C ) .  

3 .  Up-da t ing  i n f o r m a t i o n  f o r  t h e  Program Reade r  Assembly 
( P R A ) .  The PRA words  p r o v i d e  commands t o  t h e  P R A ,  
which i s  a n  e l e c t r o - m e c h a n i c a l  d e v i c e  t h a t  p r o c e s s e s  
e x t e r n a l l y  stored ( l 6 - l e v e l  pre-punched t a p e )  i n fo rma-  
t i o n  i n t o  command words f o r  LM s u b s y s t e m s .  (LM l o n l y )  

4. T e c f  Message ( T / M )  for a s e l f  check  o f  t h e  d i g i t a l  
equipment  i n  t h e  LM. 

C .  MSFN t o  SIVB/ItJ. T h e  S a t u r n  v e h i c l e s  c a r r y  two d i f f e r e n t  
t y p e s  o f  command s y s t e m s ;  one f o r  d a t a  t r a n s m i s s i o n  t o  t h e  
I n s t r u m e n t  Un i t  ( I U )  and one f o r  r a n g e  s a f e t y .  P r e s e n t  
p l a n s  ( R e f e r e n c e  3 )  c a l l  f o r  t h e  Launch V e h i c l e  D i g i t a l  
A d a p t e r  ( L V D A )  c o n t a i n e d  w i t h i n  t h e  I U  t o  be  c a p a b l e  o f  
r e c e i v i n g  t h e  f o l l o w i n g  messages :  

-- 

1. Up-data f o r  t h e  Launch V e h i c l e  D i g i t a l  Computer 
(LVDC ) 

2 .  E x e c u t e  IJp-Date 

3 .  E n t e r  S w i t c h  S e l e c t o r  Mode 
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4 .  Enter& Closed  Loop T e s t  

5 .  E x e c u t e  s u b r o u t i n e  command ( e . g . ,  t e l eme te r  f l i g h t  
c o n t r o l  measurements )  

6. Memory s e c t o r  dump 

7 .  Telemeter s i n g l e  memory a d d r e s s .  

The Range S a f e t y  Command Sys tem,  which i s  s w i t c h e d  
o f f  when r a n g e  s a f e t y  conf i rms  a s u c c e s s f u l  S I V B  o r b i t  i n s e r t i o n ,  
p r o v i d e s  a means of  t e r m i n a t i n g  t h e  f l i g h t  i f  a m a l f u n c t i o p  
OCCUYS. P. t o n e  command system ( A N / D R W - l ? )  was i n s t a l l e d  on 
e a r l i e r  f l i g h t s  o f  t h e  S a t u r n  I .  The t h r e e  r a n g e  s a f e t y  com- 
mands a s s o c i a t e d  w i t h  t h i s  sys tem a r e :  

1. Arm/Fuel C u t o f f  - arming  o f  t h e  e x p l o d i n g  b r i d g e  
wire  arid thi-i lst  t e r r n i n a t f z n  

2 .  D e s t r u c t  - f i r i n g  t h e  e x p l o d i n g  b r i d g e  wire .  
( P r o p e l l a n t  D i s p e r s i o n  Command) 

3 .  S a f e  - command sys tem s w i t c h e d  o f f .  

The Range S a f e t y  Command Sys tem has been  r e p l a c e d  
i n  l a t e r  u p - r a t e d  S a t u r n  1 and S a t u r n  V m i s s i o n s  w i t h  t h e  
S e c u r e  Range S a f e t y  Command s y s t e m .  The s y s t e m  p r o v i d e s  a 
h i g h  d e g r e e  o f  p r o t e c t i o n  a g a i n s t  b o t h  i n t e n t i o n a l  i n t e r r o g a -  
t i o n  and u n i n t e n t i o n a l  i n t e r r o g a t i o n  b y  n o i s e .  

The message t r a n s m i t t e d  t o  t he  l a u n c h  v e h i c l e  i s  
made up o f  11 c h a r a c t e r s .  The address  p o r t i o n  r e q u i r e s  9 of  
t hese  c h a r a c t e r s ,  and t h e  f u n c t i o n  t o  be commanded r e q u i p e s  
2 c h a r a c t e r s .  Each c h a r a c t e r  c o n s i s t s  o f  two s i m u l t a n e o u s  
a u d i o  t o n e s  chosen  from a symbol a l p h a b e t  o f  7 t o n e s ;  t h i s  
p r o v i d e s  an  a l p h a b e t  o f  2 1  c h a r a c t e r s .  The  s e c u r i t y  of tlie 
message  i s  r e a l i z e d  by n o t i n g  t h e  many c o m b i n a t i o n s  f o r  the 
a d d r e s s  p o r t i o n  of  t h e  message.  For t h e  f i r s t  c h a v a c t e r  
t h e r e  are  2 1  c o m b i n a t i o n s ;  t h e  s e c o n d  c h a r a c t e r -  2 0 ;  t h e  t h i r d  - 1 9 ,  
e t c .  Thus ,  i t  i s  s e e n  t h a t  t h e r e  a r e  (21)(20)(19)(18)(17) 
(16)(15)(14)(13) p o s s i b l e  a d d r e s s  c o d e s .  

The f u n c t i o n  word, b e i n g  2 c h a r a c t e r s  i r l  l eng th  has 
(21)(20) or 4 2 0  c h a r a c t e r / p o s i t i o n  code  p n s s i b i 1 i t i . e ~ .  S i r ice  
o n l y  5 f u n c t i o n s  are  r e q u i r e d ,  t h e  codes  a r e  a r r a n g e d  s o  t h a t  
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a maximum word d i f f e r e n c e  e x i s t s  be tween them whlcki p r o v i d e s  
a h i g h  degree o f  s e c u r i t y  a g a i n s t  command t r a n s l a t i o n s .  

The t y p e s  o f  commands which a r e  t r a n s m i t t e d  i n  th is  
s y s t e m  a re :  

1. D e s t r u c t  - p r o p e l l a n t  d i s p e r s i o n  

2 .  Arm/Fuel C u t o f f  - a r m i n g  o f  t h e  e x p l o d i n g  b r i . d g e  
wi re  f i r i n g  u n i t  and  t h r u s t  t e r m i n a t i o n  

4 .  S p a r e  - No. 2 

5 .  S a f e  - command s y s t e m  switchecl o f f .  

It s h o u l d  b e  n o t e d  t h a t  t h e  SAFE command i s  p l a n n e d  o n l y  f o r  
t h e  S-IVB s t a g e  o f  b o t h  t h e  u p - r a t e d  S a t u r n  I and  S a t u r n  V 
v e h i c l e s  and  t h a t  t h e  sys tem c a n n o t  be r e a c t i v a t e d  once  t h i s  
command i s  t r a n s m i t t e d .  I n  a d d i t i o n ,  t h e  add-ress and  command 
f u n c t i o n  codes  a r e  t h e  same f o r  a l l  l a u n c h  v e h i c l e  s t a g e s .  

V. M o d u l a t i o n  T e c h n i a u e s  

The m o d u l a t i o n  t e c h n i q u e s  u s e d  b y  t h e  MSFN f o r  
u p - d a t a  t r a n s m i s s i o n  a re  the  same for t h e  CSM, LM and S I V B / I U .  
A s t a b l e  1 Kc t o n e  i s  g e n e r a t e d  i n  a m o d u l a t o r  and  u s e d  as 
a s y n c h r o n i z i n g  ( ' ' sync"  o r  " c l o c k " )  s i g n a l .  A c o h e r e n t  2 Kc 
t o n e  i s  t h e n  b i - p h a s e  modu la t ed  w i t h  a 1 Kbps d i g i t a l  s i g n a l .  
A b i n a r y  r rone"  i s  t r a n s m i t t e d  when t h e  2 Kc t o n e  i s  i n  p h a s e  w i t h  
t h e  1 Kc sync  t o n e  and  when t h e  1 Kc sync  t o n e  i s  c r o s s i n g  
z e r o  w i t h  a p o s i t i v e  s l o p e .  F i g u r e  4 i l l u s t r a t e s  t h e  m o d u l a t i o n  
t e c h n i q u e s  u t i l i z e d  by  t h e  g r o u n d  s t a t i o n .  I n  F i g u r e  4 - A ,  
a b i n a r y  " z e r o "  i s  t r a n s m i t t e d  as t h e  i n v e r s e  o f  the  b i n a r y  
I t  one" (180" p h a s e  d i f f e r e n c e ) .  The 1 Kc sync  t o n e  and  t h e  
m o d u l a t e d  2 Kc t o n e  are a l g e b r a i c a l l y  summed y i e l d i n g  t h e  
c o m p o s i t e  wavefor2m i n d i c a t e d  on F i g u r e  Il-C. S i n c e  t h i s  i s  a 
n o n - r e t u r n  t o  z e r o  sys t em,  t h e r e  i s  no  t i m e  i n t e r v a l  ( " d e a d  
t i m e " )  be tween  b i t s ,  t h e  i n d i v i d u a l  p e r i o d  s y n c h r o n i z a t i o n  i s  
o b t a i n e d  from t h e  1 Kc sync t o n e  onboard  tlie s p a c e c r a f t .  . 

It s h o u l d  be  n o t e d  t h a t  t h e  p e a k  v o l t a g e  o f  t h e  
c o m p o s i t e  waveform, shown i n  F i g u r e  4 ,  i s  n o t  t w i c e  t h e  v a l u e  
o f  a s i n g l e  s i n n s o i d .  Al though t h e  a m p l i t u d e s  a r e  e q u a l ,  t h e  
p h a s e  and  f r e q u e n c y  r e l a t i o n s h i p  p r o d u c e  a peak  v a l u e  o f  1 . 7 6  
t imes  a s i n g l e  t o n e  a m p l i t u d e .  
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Sub-b i t  e n c o d i n g  on a r a t i o  o f  f i v e - s u b - b i t s  Y o 1 3  one 
i n f o r m a t i o n  b i t  i s  u s e d  f o r  up -da ta  t r a n s m l s s i o n s .  T h u s ,  t h e  
b a s i c  i n f o r m a t i o n  t r a n s f e r  ra te  i s  2 0 0  b i t s  p e r  s e c o n d . %  The 
s p a c e c r a f t  must  d e t e c t  f i v e  b i t s  i n  a p r e d e t e r m j n e d  pat1,t I ' I I  

t o  e s t a b l i s h  w h e t h e r  a n  i n f o r m a t i o n  b i n a r y  "one" or z e i ~ o "  
was t r a n s m i t t e d .  T h e s e  s u b - b i t  p a t t e r n s  are  chosen  f o r  ontimum 
d i f f e r e n t i a t i o n  be tween i n f o r m a t i o n  "ones"  and " z e r o s " .  'I'lie 
s p e c i f i c a t i o n s  fo r*  t h e  C S M ,  LM, and  S I V B / I U  up -da ta  syst.t-rnb 
r e q u i r e  t h a t  no more t h a n  one c o r r e c t  message i n  a t l i o u s ~ i n d  
b e  r e j e c t e d  and t h a t  t h e  p r o b a b i l i t y  o f  a c c e p t i n g  a false 
message  b e  l o w e r  t h a n  lo-'. 

I t  

V I .  CSM Up-Data Message Format 

The message fo rma t  u s e d  for t h e  Apo l lo  CSl4 rlil-(jata 
l i n k  (UDL) i s  s imi l a r  t o  t h a t  1 ~ s ~ c 3  i n  t h e  Gemini prograrii. 
The gene  a1 fo rma t  and  t y p e s  o f  messages used  are  d e p i c t e d  i n  
T a b l e  1.% 
r e p r e s e n t  t h e  number o f  i n f o r m a t i o n  b i t s  t r a n s m i t t e d  arid t h a t  
e a c h  one of  these  i n f o r m a t i o n  b i t s  r e p r e s e n t s  t h e  t r a n s m i s s i o n  
o f  5 s u b - b i t s  a t  a 1 k b s  r a t e .  A p a r t i c u l a r  s u b - b i t  p a t t e r n  
( 5  b i t s )  i s  s e l e c t e d  t o  r e p y e s e n t  a n  i n f o r m a t i o n  l o g i c a l  "one" 
a n d  t h e  complement o f  t h i s  p a t t e r n  i s  s e l e c t e d  t o  r e p r e s e n t  
t h e  i n f o r m a t i o n  l o g i c a l  " z e r o " .  r4cs:;ages a r e  s imi l a r  i n  t h a t  
e a c h  message c o n s i s t s  o f  a 3 b i t  vek!icle a d d r e s s  (15 s u b - b i t s ) ,  
a t h r e e  b i t  s y s t e m  a d d r e s s ,  and a da ta  word. 'The s u b - b i t  p a t t e r n  
s e l e c t e d  f o r  t h e  v e h i c l e  a d d r e s s ,  however ,  i s  d j  f f e r e n t  t h a n  
t h a t  used  for t h e  r e m a i n i n g  p o r t i o n  of '  t h e  message .  T h i s  
t e c h n i q u e  a s s u r e s  n u n - c o r r e l a t i o n  betwclcri t h e  v e h i c l e  i d e n t i f i -  
c a t i o n  and v e h i c l e  d a t a ,  t h e r e b y  p r e v e n t i n g  f a l s e  s t a r t s  of  a 
non-addres sed  s y s t e m .  

It  s h o u l d  be n o t e d  t h a t  t h e  number of  b i t s  shown 

T a b l e  2 l i s t s  the r e a l  time commands a s s o c i a t e d  w i t h  
A p o l l o  s p a c e c r a f t s  011, 017 ,  and 0 2 0  i n  t h e  unmanned con- 
f i g u r a t i o n .  T a b l e  3 l i s t s  t h e  commands p r e s e n t l y  d e f i n e d  f o r  
s p a c e c r a f t s  O O ~ , $ t h e r m a l  vacuum S/C), and  0 1 2 ,  which  a r e  manned 
c o n f i g u r a t i o n s  . 

V17:.  CSM Up-Data D e t e c t i o n  

The Block  I CSM Up-Data Equipment r e c e i v e s  a modu la t ed  
r-f c a r r i e r  o p e r a t i n g  a t  e i t h e r  UHF or S-Band, v e r i f i - e s  t h e  
d a t a ,  d e t e r m i n e s  t h e  sys t em f o r  which i t  was i n t e n d e d  and  

*Exc lud ing  f i l l e r  b i t s  and  r e q u i r e d  dead t i m e  be tween messages.  
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d i r e c t s  i t  t o  t h a t  s y s t e m .  Both t h e  UHF r e c e i v e r  and t h e  S-Band 
t r a n s p o n d e r  h e t e r o d y n e  t h e  incoming r-f s i g n a l  t o  a 1 0  mc i - f  
t h r o u g h  a d o u b l e  c o n v e r s i o n  p r o c e s s .  The c o m p o s i t e  a u d i o  up- 
d a t a  s i g n a l  b e i n g  c a r r i e d  by t h e  1 0  me i - f ,  i n  t h e  UHF r e c e i v e r ,  
i s  d e t e c t e d  by a F o s t e r - S e e l e y  t y p e  d i s c r i m i n a t o r . 6  
1 0  mc i-f i n  t h e  S-Band t r a n s p o n d e r ,  however ,  c o n t a i n s  a 7 0  kc 
s u b c a r r i e r  which has been  f r e q u e n c y  modu la t ed  w i t h  u p - d a t a .  
The 70 kc  s u b c a r r i e r  i s  e x t r a c t e d  from i - f  s i g n a l  ( b y  t h e  w i d e  
band  p h a s e  d e m o d u l a t o r )  and t h e  compos i t e  a u d i o  up -da ta  d e t e c t e d  
by a 70  kc  d i s c r i m i n a t o r .  After  p a s s i n g  t h r o u g h  t h e  d i s c r i m i n a t o r s  
t h e  t e c h n i q u e  f o r  s u b - b i t  d e t e c t i o n  i s  t h e  same f o r  b o t h  UHF 
and  S-Band t r a n s m i s s i o n s .  F i g u r e  5 i l l u s t r a t e s  t h e  b a s i c  u p - d a t a  
d e t e c t i o n  scheme u t i l i z e d  i n  t h e  CSM and da t a  d i s t r i b u t i o n  
a f t e r  d e c o d i n g .  The i n c o r p o r a t i o n  o f  Block I1 S-Band e x c l u d e s  
t h e  UHF equ ipmen t .  

The 

B i t  D e t e c t i o n .  S i n c e  t h e  slub-bit  code u s e d  f o r  t h e  v e h i c l e  
a d d r e s s  i s  d i f f e r e n t  from t h e  r e m a i n i n g  p o r t i o n  o f  t h e  message 
i t  a c t s  as a " s i g n  p o s t "  i n d i c a t i n g  t h e  b e g i n n i n g  of  a n  up -da ta  
t r a n s m i s s i o n .  O f  c o u r s e ,  t h e  s u c c e s s f u l  r e c e p t i o n  of  a n  up -da ta  
message depends  on t h e  c o r r e c t  d e t e c t i o n  of  e a c h  s u b - b i t  from 
t h e  c o m p o s i t e  a u d i o  s i g n a l .  S i n c e  a s u b - b i t  b i n a r y  "one"  or 
" z e r o "  i s  r e p r e s e n t e d  by t h e  p h a s e  s h i f t  k e y i n g  o f  a 2 kc 
t o n e  t h e  s a m p l i n g  p e r i o d s  must b e  t imed p r e c i s e l y  s o  t h a t  t h e  
c o r r e c t  i n t e r p r e t a t i o n  o f  a s u b - b i t  b e i n g  a l o g i c a l  "one" or 
" z e r o "  i s  a c c o m p l i s h e d .  T h i s  p r e c i s e  t i m i n g  or p h a s e  r e f e r e n c e  
i s  p r o v i d e d  by t h e  1 kc c l o c k  s i g n a l  t r a n s m i t t e d  from t h e  
A p o l l o  MSFN. 

F i g u r e  6 i l l u s t r a t e s  t h e  t e c h n i q u e  u s e d  i n  t h e  CSM 
t o  s e p a r a t e  t h e  c l o c k  (or s y n c )  s i g n a l  f rom t h e  u p - d a t a  compo- 
s i t e  s i g n a l  and how i t  i s  used  as a p h a s e  r e f e r e n c e  f o r s u b -  
b i t  d e t e c t i o n .  I n  F i g u r e  6 i t  i s  s e e n  t h a t  t h e  c o m p o s i t e  a u d i o  
s i g n a l  a t  t h e  o u t p u t  o f  t h e  d i s c r i m i n a t o r  i s  f ed  i n t o  two 
d i f f e r e n t  p h a s e  d e t e c t o r s .  The lower  p h a s e  d e t e c t o r  compares  
t h e  compos i t e  waveform w i t h  a 1 Kc r e f e r e n c e  s i g n a l  d e r i v e d  
f rom t h e  V o l t a g e  C o n t r o l l e d  O s c i l l a t o r  (VCO). The VCO o u t p u t ,  
o p e r a t i n g  a t  4 Kc i s  d i v i d e d  by 2 i n  t h e  f i r s t  f l i p  f l o p  and  
b y . 2  a g a i n  i n  t h e  second  f l i p  f l o p  y i e l d i n g  a 1 Kc r e f e r e n c e  
s i g n a l  which i s  90" o u t  of  p h a s e  ( p r o d u c t  d e t e c t i o n )  w i t h  t h e  
1 Kc sync  p o r t i o n  o f  t h e  incoming d i s c r i m i n a t o r  s i g n a l .  The 
l o o p  ( c o n s i s t i n g  of  t h e  phase d e t e c t o r ,  l o o p  f i l t e r ,  VCO,  and 
f l i p  f l o p  d i v i d e r s ) ,  phase  l o c k s  o n t o  t h e  1 Kc sync  s i g n a l  
which  p r o v i d e s  t h e  n e c e s s a r y  p h a s e  r e f e r e n c e  f o r  m o d u l a t i o n  
d e t e c t i o n  i n  t h e  u p p e r  d e t e c t o r  c i r c u i t .  
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The l a t t e r  phase  d e t e c t o r  compares  t h e  2 Kc portion 
o f  t h e  c o m p o s i t e  waveform w i t h  a 2 Kc r e f e r e n c e  s i g n a l  coining 
from t h e  f i r s t  ( d i v i d e  by 2 )  f l i p  f l o p .  When t h e  r e f e r e n c e  
s i g n a l  i s  i n  p h a s e  w i t h  t h e  2 Kc component o f  t h e  i r i~jut ,  ( w i t h  
a p o s i t i v e  s l o p e  a t  t h e  z e r o  c r o s s i n g )  a l o g i c  f fone"  w i l l  b e  
s e n t  o u t  o f  t h e  d e t e c t o r .  When t h e  i n p u t  i s  o u t  of' p h a s e  
w i t h  t h e  2 Kc r e f e r e n c e  a l o g i c  " z e r o "  i s  s e n t .  The g a t i r i q  
c i r c u i t r y  and one  s h o t  m u l t i v i b r a t o r s  control t h e  i n t e g r a t i o n ,  
dump and s a m p l i n g  p e r i o d s .  The f l i p  f l o p  b e i n g  f e d  f)y t h e  
matched  f i l t e r  o u t p u t  i s  t h e  f i r s t  s t a g e  o f  t h e  s u b - b i t  register. 

Lach g roup  of f i v e  sub -b i t , s  i s  s h i f t e d  i n t o  the sub-  
b i t  r e g i s t e r  wnere t 1 i e . y  ai7e saiiipled i:: rsrallel fnrrn 2 n d  t h e  
a p p r o p r i a t e  i n f o r m a t i o n  b i n a r y  r tone"  nr " z ~ Y ' o "  t l e te r rc ined .  
I n f o r m a t i o n  b i t s  a r e  t h e n  sent t o  t h e  main b i t ,  r e g i s t e r .  
A f t e r  c h e c k i n q  t h e  f i r s t  t h r e e  s t a g e s  i n  t h e  main b i t  r e g j s t e r ,  
t h e  v e h i c l e  a d d r e s s  i s  v e r i f i e d  and  t h e  raemaining d a t a  i s  
p r o c e s s e d  t o  t h e  a p p r o p r i a t e  s y s t e m  i n  acco rda r i c r  t o  t i l t -  iiejit 

t h r e e  b i t s  which c o n s t i t u t e  t h e  s y s t e m  a d d r e s s .  

CSM Real  T i m e  Command (HTC) Word P r o c e s s *  T h e  systt'm addres s  
p o r t i o n  cTf a RTC message s e l e c t s  one  o f  two r e l a y  i ,ank: ;  :;nd t h e  
binaray word r e p r e s e n t e d  b y  i n f o r m a t i o n  b i t s  7 t h r o u y h  1 0  
c a u s e s  one of 1 6  s e l e c t  l i n e s  t o  be  g r o u n d e d .  T h e  mrnair i ing 
p o r t i o n  of  t h e  R T C  message - i n f o r m a t i o n  h i t s  11 arid 1 2  - 
s e l e c t s  a r f s e t f l  or "reset" l i n e  and i n  doing s o  cause:; a 2 8  
vdc p u l s e  t o  o c c u r  f o r  30  m i l l i s e c o n d s .  Thus ,  a r iy  one of  
64 d i s c r e t e  commands c a n  h e  e x e c u t e d  by t h e  CSP TJp-Data L ink  
Equipment (UDLE) .  

CSM A p o l l o  Guidance  Computer Word P r o c e s s  A f t e r  c h e c k i n g  t h e  
v e h i c l e  a d d r e s s  and  sys t em a d d r e s s ,  t h e  r e m a i n i n g  1 6  b i t s  a r e  
s h i f t e d  i n t o  t h e  UDLE a t  200  b i t s  p e r  s e c o n d .  Tile computer  
word i s  t h e n  s h i f t e d  s e r i a l l y  i n t o  t h e  AGC a t  1 0 0 0  b i t s  p e r  
s e c o n d .  

CSP4 C e n t r a l  Timing Equipment Word P r o c e s s  Upon r e c e i p t  o f  a 
v a l i d  CTE s , y s t e m  a d d r e s s  ( a f t e r  c h e c k i n g  t h e  v e l i i c l e  a d d r e s s ) ,  
t h e  UDLE gene r .2 t e s  20  t o  2 5  p u l s e s  h a v i n g  50 microsecond  p u l s e  
w i d t h s  a t  2 0 0  p u l s e s  p e r  second for t h e  p u r p o s e  o f  r e s e t t i n g  
t h e  C7'E t i m e  a c c u m u l a t o r  t o  0 d a y s ,  0 h o u r s ,  0 m i n u t e s ,  and  
0 s e c o n d s .  

A t  t h e  end o f  message r e c e i p t ,  a s e r i e s  of 50 
m i c r o s e c o n d  p u l s e s  o c c u r  a t  1 0  1ci lopul .ses  p e r  s econd  f o r  CTE 
upda t iny :  i n  t h e  f o l l o w i n g  sequence :  

*Refer t o  T a b l e  4 f o r  f o r m a t s .  
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(1) Seconds 

(2) Minutes 

(3) Hours 

The number of pulses generated for each unit of time 
(except for reset pulses) is equal to the decimal equivalent 
of a six bit binary word. For example: if the six bit binary 
word was 1 1 0 0 1 0 (the least significant bit being at the 
extreme leftj, the number or" pulses to be generated would be 
1 9 .  

CSM Test Message Process Two test messages, "A" and ''B" , are 
tra-nsmitted to the CSM in order to exercise all process, trans- 
fer and program control logic within the CSM IJp-Data Link 
Equipment. The results of these tests are telemetered by 
sending unique validity signals for these test messages. 

After the three bit vehicle address and 3 bit 
system address have been verified, the remaining bits of' test 
message "A" - 7 through 30 - are shifted into the UDL serially 
at 200 bits p e r  second. Test message "Rr '  is handled in the 
same manner. 

CSI'4 Message Acceptance. When the CSM receives a valid coininand 
transmission, a message acceptance pattern (MAP) is sent to the 
telemetry equipment. If a MAP is not received at the MSFN in 
a predetermined length of time, the command word can be 
retransmitted a preselected number of times before alarming 
the flignt controller that a valid data transfer cannot be 
accomplished. For computer up-dating the message is repeated 
back via telemetry to the station for verification. After 
verification an execute command is transmitted to the space- 
craft. 

VIII. LM Uo-Data Message Format 

The UHF Up-Data link used in Llv! I and LM I1 is 
similar to that previously discussed for the CSM. The up-link 
conveys Real Time Commands (RTC), LM Guidance Computer ( L G C )  
messages, Program Reader Assembly (PHA) messages, and Test 
Messages (T/M) for self checking of onboard digital equipments 
whose formats are illustrated in Table 4. Notice that all 
messages contain 3 bits for the vehicle address and three bits 
f o r  system addresses. 
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The Real T ime  Commands c o n s i s t  o f  1 2  s u b - b i t  encoded  
i n f o r m a t i o n  b i t s ,  s i x  o f  which a re  data  b i t s .  These s i x  data  
b i t s  are  u s e d  to open and  c l o s e  32 l a t c h i n g  r e l a y s  onboard  t h e  
LM ( 6 4  d i s c r e t e  commands). The LM Guidance  Computer (LGC) 
words ,  b e i n g  22 b i t s  i n  l e n g t h ,  c o n t a i n  1 6  da ta  b i t s  ( i n c l u d i n g  
a n  o v e r f l o w  b i t )  f o r  computer  u p - d a t i n g .  L i k e w i s e ,  t h e  Program 
Reader Assembly (PRA) messages a re  made up o f  2 2  i n f o r m a t i o n  
b i t s ,  s i x  o f  which a r e  u t i l i z e d  f o r  v e h i c l e  and  s y s t e m  a d d r e s s  
b i t s .  The r e m a i n i n g  1 6  b i t s  i n c l u d e  s i x  da ta  b i t s ,  one  b i t  
e a c h  for S e a r c h ,  Forward ,  R e v e r s e ,  and  Command I n i t i a t e ,  and  
s i x  f i l l e r  b i t s  t h a t  a re  a l l  z e r o s .  The PRA words p r o v i d e  
commands t o  t h e  Program Reader A s s e m b l y .  The P R A  i s  a n  
e l ec t ro -mechan ica l  d e v i c e  t h a t  p r o c e s s e s  i n t e r n a l l y  s t o r e d  
( 1 6 - l e v e l  p repunched  t ape )  i n f o r m a t i o n  i n t o  command words and  
i s s u e s  them i n  a n  o r d e r l y ,  p r e s c r i b e d  sequence  t o  t h e  LM 
s y s t e m .  The T e s t  Message f o r m a t  i s  s imilar  t o  t h a t  p r e v i o u s l y  

i s  22 b i t s  i n s t e a d  o f  30. Table 5 lists t h e  R T C  f u n c t i o n s  
a s s o c i a t e d  w i t h  LM I and  LM 11. ( S e e  R e f e r e n c e  7.) 

shown m y  the csm. E G ~ ~ W ,  ~ctice t h a t  t h e  message iezg;th 

I X .  B a s i c  LM Up-Data D e t e c t i o n  

The b a s i c  LM up-da ta  d e t e c t i o n  scheme i s  t h e  same as 
t h a t  p r e v i o u s l y  d i s c u s s e d  for t h e  CSM. Also. l i k e  t h e  CSM, 
a message a c c e p t a n c e  p a t t e r n  i s  ser,t t o  t he  LM t e l e m e t r y  
equipment  when a comvand i s  c o r r e c t l y  r e c e i v e d .  

X .  SIVR/IU Up-Data Word Format 

P r e s e n t  p l a n s  c a l l  f o r  s e v e n  d i f f e r e n t  t y p e s  o f  up -da ta  
messares to b e  t r a n s m i t t e d  to t h e  SIVB/IU f rom t h e  MSFN ( s e e  

3 ) .  Thesf.  are as f o l l o w s :  

Up-data t o  d i g i t a l  computer  

Execu te  up -da te  

E n t e r  S w i t c h  S e l e c t o r  Mode 

E n t e r  c l o s e d - l o o p  t e s t s  

E x e c u t e  s u b r o u t i n e  command (e.g., t e l eme te r  f l i g h t  
c o n t r o l  measurements  

Memory s e c t o r  dump 

T e l e m e t e r  s l n g l e  memory address 
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The command word i s  a lways  35 b i t s  i n  l e n g t h  and  i s  s u b - b i t  
encoded  - f i v e  b i t s  t o  r e p r e s e n t  a n  i n f o r m a t i o n  b i n a r y  ' 'one" 
or " z e r o "  t h u s ,  t h e  t o t a l  s u b - b i t  word l e n g t h  i s  175  b i t s .  A s  
i n  t h e  c a s e  o f  t h e  CSM up-data  f o r m a t ,  t h e  f i r s t  t h r e e  i n f o r m a -  
t i o n  b i t s  r e p r e s e n t  t h e  v e h i c l e  address,  however ,  t h e  r e m a i n i n g  
p o r t i o n  o f  t h e  word i s  less  s t r a i g h t  f o r w a r d .  T a b l e  6 shows 
how data  and  address b i t s  a r e  i n t e r l a c e d .  A message  may con- 
s i s t  of one  or more 35 b i t  words as w i l l  become e v i d e n t  i n  t h e  
s u c c e e d i n g  p a r a g r a p h s .  

The t y p e  o f  command b e i n g  t r a n s m i t t e d  i s  d e t e r m i n e d  
by t h e  f i r s t  35 b i t  word of t h e  message and  t h i s  word i s  
d e s i g n a t e d  as a mode command word.  The most  s i g n i f ' i c a n t  s i x  
b i t s  o f  t h e  1 3  da t a  b i t s  (shown on T a b l e  6 )  d e t e r m i n e  which  o f  
t h e  s e v e n  t y p e s  o f  messages i s  b e i n g  t r a n s m i t t e d .  The n e x t  
s i x  b i t s  are  t h e  complement o f  t h e  f i r s t  s i x  b i t s  ( u s e d  f o r  
checlctng p i ~ r p o s e s )  and t h e  l a s t  b i t  ( t o t a l  o f  13) i s  n o t  u s e d .  
For computer  u p - d a t i n g  t h e  words which f o l l o w  t h e  mode command 
must  b e  i n  g r o u p s  o f  f o u r .  A s  many as 1 0  g r o u p s  o f  f o u r  
data  command words may f o l l o w  t h e  mode cornmand word t o  
c o m p l e t e  one  command o f  computer  u p - d a t i n g .  Commands two,  
f o u r ,  and f i v e  r e q u i r e  on ly  one  word f o r  a message  t r a n s m i s s i o n ,  
a mode command. Commands three and  s i x  r e q u i r e  t h r e e  words 
whereas command s e v e n  r e q u i r e s  t h e  t r a n s m i s s i o n  o f  f i v e  words .  

XI. B a s i c  SIVB/IU Up-Data D e t e c t i o n  

The SIVB/IU d i g i t a l  Up-Data Equipment (UDE) r e c e i v e s  
data  from t h e  MSFN v i a  UHF or Command and Communicat ions 
Sys tem (CCS), v e r i f i e d  i t ,  d e t e r m i n e s  t h e  s y s t e m  f o r  which i t  
was i n t e n d e d  and  d i r e c t s  i t  t o  t h a t  s y s t e m .  It s h o u l d  b e  n o t e d  
t h a t  UHF communica t ions  p e r t a i n  t o  t h e  AS-200 s e r i e s  v e h i c l e s ,  
whereas t h e  CCS Command and Communication System w i l l  be  
u s e d  f o r  t h e  AS-500 m i s s i o n s .  F i g u r e  7 i l l u s t r a t e s  t h e  p r o g r e s s  
o f  t h e  up -da ta  s i g n a l  t h r o u g h  t h e  S-Band t r a n s p o n d e r  i n t o  t h e  
d i g i t a l  e q u i p m e n t s .  The r e c e i v e r  h e t e r o d y n e s  t h e  incoming  
r-f s i g n a l  ( d o u b l e  c o n v e r s i o n  p r o c e s s )  p r o v i d i n g  a 1 0  mc i-f 
s i g n a l .  The c o m p o s i t e  up -da ta  s i g n a l  i s  e x t r a c t e d  from t h e  
i-f and  f e d  i n t o  t h e  s u b - b i t  d e t e c t o r  i n  t h e  command d e c o d e r .  

Sub-Bi t  P e t e c t i o n  F i g u r e  8 d e p i c t s  t h e  b a s i c  d e m o d u l a t i o n  
scheme u t i l i z e d  f o r  s u b - b i t  d e t e c t i o n  i n  t h e  STVB/IU. N o t i c e  
t h a t  t h e  t e c h n i q u e  used  i s  d i f f e r e n t  f rom t h a t  p r e v i o u s l y  shown 
for t h e  CSM. The nar row band 1 Kc f i l t e r  separates t h e  1 Kc 
s y n c  t o n e  from t h e  composi te  i n p u t  waveform, and  a f t e r  b e i n g  
r e s h a p e d  t r i g g e r s  a one s h o t  m u l t i v i b r a t o r .  The one  s h o t  
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m u l t i v i b r a t o r  p r o v i d e s  a narrow s a m p l i n g  p u l s e  f o r  AND 
g a t e s  (A1 and  A * )  a t  a 1 Kc r e p e t i t i o n  r a t e .  
manner ,  t h e  2 Kc f i l t e r  separates  t h e  modu la t ed  s i g n a l  f rom 
t h e  1 Kc sync  t o n e .  Af t e r  b e i n g  r e s h a p e d ,  i t  i s  f ed  t o  t11e 
s u b - b i t  AND g a t e  (A2) and  t o  a n  i n v e r t e r .  When t h e  2 Kc wave- 
form i s  p o s i t i v e  and t i m e  c o i n c i d e n t  w i t h  1 Kc s a m p l i n g  p u l s e ,  
t h e  A2 AND g a t e  w i l l  p roduce  a n  o u t p u t  which f i r e s  t h e  f o l l o w i n g  
one s h o t  m u l t i v i b r a t o r .  The  one s h o t  o u t p u t  i s  t h e  s u b - b i t  
b i n a r y  Ifone".  C o n v e r s e l y ,  when t h e  i n v e r t e r  o u t p u t  i s  p o s i t i v e  
and  i n  t i m e  c o i n c i d e n c e  w i t h  t h e  s a m p l i n g  p u l s e  a s u b - b i t  
s i g n a l  i s  p roduced  a t  t h e  o u t p u t  cor respor ld i I lg  t o  a "vfiarj: 
" z e r o " .  The s u b - b i t s  a r e  t h e n  p a s s e d  i n t o  s h i f t  r e g i s t e r s  where 
e a c h  s e q u e n t i a l  f i v e  s u b - b i t s  r e p r e s e n t  an  i n f o r m a t i o n  b i n a r y  
one  or z e r o  i n  a c c o r d a n c e  w i t h  a p r e d e t e r m i n e d  p a t t e r n .  After 
t h e  message has been  checked a n  a c c e p t a n c e  message i s  t r a n s -  
m i t t e d  t o  t h e  MSFN v i a  t h e  PCM t e l eme t ry  equ ipmen t .  

I n  a s imi l a r  

SIVB/IU Message Acceptance  When t h e  I I J  e s t a b l i s h e s  t h a t  t h e  
1 4 - b i t  a d d r e s s  i s  c o r r e c t ,  an  address  v e r i f i c a t i o n  ou l . s e  
i s  s e n t  t o  t e l e m e t r y .  A t - t h e  g round  s t a t i o n  i t  i s  hecommutated 
i n  r e a l  t i m e  and  s e n t  t o  t h e  message  a c c e p t a n c e  p u l s e  c i r c u i t s .  
A s econd  p u l s e  i s  g e n e r a t e d  and s e n t  t o  t e l e m e t r y  when t h e  LVDC 
has r e c e i v e d  t h e  1 8  i n f o r m a t i o n  b i t s  c o r r e c t l y .  A t  t h e  g round  
s t a t i o n ,  t h e  address  v e r i f i c a t i o n  p u l s e  t r i q g e r s  a 2 0 0  m i l l i -  
s econd  one s h o t  m u l t i v i b r a t o r  and  a s h o r t  t i m e  l a t e r  t h e  LVDC 
p u l s e  w i l l  t r i g g e r  a 1 0  m i l i i s e c o r l d  01-12 s h o t  m u l t i v i b r a t o r .  
The two one s h o t  o u t p u t s  d r i v e  a n  A N D  $a te  i n  t h e  message  
a c c e p t a n c e  c i r c u i t r y .  When t h e  1 0  m s  p u l s e  o c c u r s  d u r i n g  t h e  
200  m s  p e r i o d  a Message Acceptance  P u l s e  (MAP) i s  s e n t  t o  t h e  
data  p r o c e s s i n g  compute r .  The data  p r o c e s s i n g  compute r ,  u s e s  
t h i s  MAP as  a " n e x t  message t r a n s m i t "  p u l s e .  

S i n c e  t h e  L,VDC u p - d a t i n g  commands a r e  c o n s i d e r e d  more 
c r i t i c a l  t h a n  t h e  o t h e r  commands, a " r e p e a t - b a c k "  scheme i s  
u t i l i z e d .  The LVDC s t o r e s  all LVDC up -da te  messages  ( a s  many 
as f o r t y  1 8 - b i t  g r o u p s )  and n o n - d e s t r i i c t i v e l y  reads  o u t  
t h e s e  d a t a  b i t s  t o  t e l e m e t r y .  The ground s t a t i o n  compares  
t h e s e  d a t a  b i t s  w i t h  t h e  o r i g i n a l l y  t r a n s m i t t e d  da ta  b i t s .  
Upon v e r i f i c a t i o n ,  a n  " e x e c u t e  up -da te"  command i s  s e n t  t o  
t h e  da t a  p r o c e s s i n g  computer  and  t h e n c e  t o  t h e  v e h i c l e .  The 
LVDC w i l l  t h e n  a c t  on t h e  computer  u p - d a t i n g  messages .  

2021-WJB-crr W .  J .  Benden 
At t achmen t s  

T a b l e s  1-6 
F i g u r e s  1-8 

copy t o  
( see  n e x t  p a g e )  
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copy t o :  

NASA H e a d q u a r t e r s  

T, A. Keegan - YA-2 
J .  T. McClanahan - MA0 

NASA Manned S p a c e c r a f t  C e n t e r  

V .  M. Dauphin - ER3 
S.  L ,  Bendefison - MSC/EB3 
S. D. L e n e t t  - EE3 
J .  McKenzie - PD4 
3 .  F,. R3serherm .“-A - EB2 

NASA M a r s h a l l  Space  F l i g h t  C e n t e r  

T. J. Lowery - R-AERO-ADV 
L.  B. Malone, J r .  - R-ASTR-IRC 

JASA Goddard Space  F l i g h t  C e n t e r  

0.  M. Coving ton  - 500 
R .  L.  Owen - 553 

Be 1 le omm 

R. K. Chen 
D. R .  Hagner  
J .  J .  H i b b e r t  
W .  C .  H i t t i n g e r  
B .  T .  Howard 
J .  E .  J o h n s o n  
H .  Kraus 
J .  P .  Maloy 
J .  Z .  Dlenard 
I ,  n. Nehama 
H .  P i n c k e r n e l l  
T .  L .  Powers 
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1 SYNC 
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7 . 5 K C  

' TONES 1 
73KC 

MERCURY 

F I G U R E  I SPECTRUM OF GEMINI  AND MERCURY UP-DATA L I N K S  
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TABLE I - APOLLO UP-DATA INFORMATION FORMATS (CSM) 

1 I 

I B I T S  ! I 2 3 4 5 6 7 8 9 I O  I I  12 

VEH I CLE SYSTEM DATA 
ADDRESS ADDRESS 

i - 

REAL T I M E  COMMANDS 

B I T S  1 1  2 3 

VA 

& 

4 5 6 7 8 9 IO I I  12 13 14 15 16 17 18 19 20 21 22 

I 
I SA DATA DATA DATA * 

COMP L W E N T  I 

APOLLO GU I DANCE COMPUTER 

B I T S  1 I 2 3 4 5 6 7 8 9 IO I I  12 13 I4 15 16 17 18 19-24 25-30 
i 

VA 

* OVERFLOW 

SA SECONDS M 1 NUTES HOURS DAYS 
6 B I T S  6 B I T S  

CENTRAL T I M  1 NG EQU I PMENT 

TEST MESSAGE 

T E S T  MESSAGE I 
1 (24 BITS) I 



TABLE 2 - BLOCK I UDL REAL-TIME COMMANDS 

(APOLLO s/c o i l ,  oi7, AND 020 - UNMANNED CONFIGURATION) 

REAL-TI ME COMMANDS 

01 
00 
07 
06 
02 
03 
04 
05 

I I  
i o  

12 
13 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 

FUNCT I ON 

Abort  L i g h t  (System A )  - On 
Abort  L i g h t  (System A )  - O f f  
Abort  L i g h t  (System 8) - On 
Abor t  L i g h t  (System B) - O f f  
Fuel C e l l  # I  Purge 
Fuel C e l l  #2 Purge 
Fuel C e l l  f3  Purge 
Reset RTC 02-04 
L i  ft i ng E n t r y  

D i r e c t  Thrus t  On 
D i r e c t  Thrus t  O f f  
Reset RTC 10-12 
+ P i t c h  D i t - .  Rot. 
- P i t c h  D i r .  Rot. 
+ Yaw Dir. Rot. 
- Yaw Dir. Rot. 
+ R o l l  D i r .  Rot. 
- R o l l  Dir. Rot. 
D i r e c t  U 1 1 age 
Reset RTC 14-22 
Prop. O f f  SM-A 
Prop. O f f  SM-B 
Prop. O f f  SM-C 
Prop. O f f  SM-D 
Spare 
Spare 
Prop. On SM-A 
Prop. On SM-B 
Prop. On SM-C 
Prop. On SM-D 
Spare 
Spare 
L e t  J e t t  i son 
G & N Fa i l  
G & N F a i l  I n h i b i t  
Reset RTC 41-42 



TABLE 2 - (Cont inued) 

REAL-TI ME COMMANDS 

44 
45 
46 
47 
50 
51 
52 
53 
54 
55 
56 
57 
60 
.6 I 
62 
63 
64 
65 
66 
67 
70 
71 
72 
73 
74 
75 
76 
77 

FUNCT I ON 

R o l l  Rate Back-up 
P i t c h  Rate Back-up 
Yaw Rate Back-up 
FDA1 A1 i gn  
Reset RTC 44-47 
- Z  Antenna On (VHF S C l N  o n l y )  
+Z Antenna On (VHF S C I N  o n l y )  
G & N Antenna Swi tch ing  
Rn!l A & C Chi Disab!e 
R o l l  B 81 D Ch. D isab le  
P i t c h  Ch. D isab le  
Yaw Ch. D isab le  
Reset RTC 54-57 
CM-SM Separat ion 

**UDL S-Band Rcvr. Se lec t  
**UDL UHF Rcvr. Se lec t  
* * H 2  #2 Htr. Fan 
* *02  #2 H t r .  Fan 
* * H 2  # I  Htr. Fan 
* * 0 2  # I  H t r .  Fan 
**Reset RTC 64-67 

Tower AbortlCSM-SLA Separat ion 
Reset RTC 73-77 (73 on ly  f o r  S / C  017 & 020) 
Spare 

* * C- Ban d I' 0 f f 
**C-Band "On", Double Pulse Mode "On" 
**PCM Low B i t  Rate, VHF-FM Transmtr. "Off" 
**PCM High B i t  Rate, VHF-FM Transmtr. "On" 

* *  These Funct ions a re  not Implemented on S I C  01 1 .  
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TABLE 3 BLOCK I UDL REAL-TIME COMMANDS 
(APOLLO S/C 008 AND 012 - MANNED CONFIGURATION) 

REAL-TIME COMMANDS 

01 
00 
07 
06 

*03 
* 02 
*05 
* 04 

FUNCTION 

Abort L ight  " A "  On 
Abort L i g h t  " A "  O f f  
Abort L i g h t  "B"  On 
Abort L i g h t  " B "  O f f  
c-!and On, Cloub!e Pul se Mode or! 
C-Band O f f  
PCM High B i t  Rate, VHF-FM Transmit ter  On 
PCM Low B i t  Rate, VHF-FM Transmit ter  O f f  

*NOT IMPLEMENTED ON S/C 008 
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BITS 

TABLE IC - APOLLO UP-DATA INFORMATION FORMATS (LEM I AND I I) 

I 2 3 4 5 6 7 8 9 I O  I I  12 

V E H I C L E  SYSTEM DATA 
ADDRESS ADDRESS 

b 

REAL T I M E  COMMANDS 

I 
. BITS I I 2 3 4 5 6 7 - -  12 13 14 15 16 

VA SA COMM'D SEARCH FWD. REV. COMM'D 
ROUTINE I N I T I A T E  
ADDRESS 

17 -- 22 

F I L L E R  
BITS 

ALWAYS 0 ' s  

GUIDANCE AND NAVIGATIONAL COMPUTER 

* OVERFLOW BIT 

PROGRAM READER ASSEMBLY 

T E S T  MESSAGE 



TABLE 5 - REAL-TIME COMMAND FUNCTIONS 

(LEM I AND I I )  

REAL-TIME COMMANDS 

OOA 
01A 
02A 
03A 
04 A 
05 A 
06A 
07A 
I OA 
I I A  
12A 
13A 

I Y A  
15A 
16A 
17A 
20A 
21A 
22A 
23A 
24A 
25 A 
26 A 
27 A 
30 A 
31A 

32A 
33A 
34A 
35A 
36 A 
37A 

~~ 

FUNCT I ON S 

Three Axi s A t t i t u d e  Cont ro l  1 e r  

Negative P i t c h  Lo - 5 deg/sec - On 
Negat ive P i t c h  Lo - 5 deg/sec - O f f  
P o s i t i v e  P i t c h  Lo - 5 deglsec - On 
P o s i t i v e  P i t c h  Lo - 5 deg/sec - O f f  
i i ega t ive  Yaw io - 5 aeglsec - On 
Negat ive Yaw Lo - 5 deg/sec - O f f  
P o s i t i v e  Yaw Lo - 5 deg/sec - On 
P o s i t i v e  Yaw Lo - 5 deglsec - O f f  
Negat ive R o l l  Lo - 5 deg/sec - On 
Negative R o l l  Lo - 5 deg/sec - O f f  
P o s i t i v e  R o l l  Lo - 5 deg/sec - On 
P o s i t i v e  R o l l  Lo - 5 deg/sec - O f f  

Descent Helium Regulator  # I  SOV Close, Power On 
Descent Helium Regulator  # I  SOV Close, Power O f f  
I n v e r t e r  Select  No. 2 (A lso  D isab le  No. I) 
EPS Bat tery  # I  H I  V o l t  (Desc.) - O f f  
S-Band Secondary Transceiver  & Power Ampl i f i e r  - On 
S-Band Secondary Transceiver  & Power Ampl i f  i e r  - O f f  
EPS Bat tery  #2 H I  V o l t  (Desc.) - O f f  
EPS Bat tery  #6 (Asc. - Cdr.) - O f f  
Primary Water Coolant Valve - Open - Power On 
Pr imary Water Coolant Valve - Open - Power O f f  
EPS Bat te ry  #5 (Asc. - S.E.) - O f f  
EPS Bat te ry  #6 ( T i e  t o  S. E. Bus) - On 
S-Band Primary Transceiver  & Power Ampl i f i e r  - O f f  
S-Band Primary Transceiver  & Power Ampl i f i e r  - Enable 
Prime Contro l  
EPS Bat te ry  #3 HI V o l t  (Desc.) - O f f  
Spare 
Spa r e  
Spare 
EPS Bat tery  #5 T i e  t o  CDR. Bus - On 
EPS Bat tery  #4 H I  Vo l t  (Desc.) - O f f  
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REAL-TIME COMMANDS 

40 A 
41A 
42A 
43A 
44A 

45A 
46A 
47 A 
50A 

51A 
52A 
53A 
54A 

55 A 
56A 
57A 
60 A 

61A 
62A 
63A 
64A 
65A 
66 A 
67A 
70A 
71A 
72A 
73A 
74A 
75A 
76A 
77A 

TABLE 5 - (Continued) 

FUNCTl ONS 

Spare 
Spare 
Descent He1 ium Regu la to r  #2 SOV - Open - Power On 
Descent He1 ium Regulator #2 SOV - Open - Power O f f  
RCS Main Shut O f f  Valves - System A - Close - Power On, 
I n h i b i t  Prime Open Commands 
RCS Main Shut O f f  Valves - System A - Close - Power O f f  
LEM/S I VB Separat ion Command A r m  
LEM/SlVB Separat ion Command A r m - O f f  

RCS Main Shi i t  O f f  Valves - System A - Open - Power on - 
I n h i b i t  Prime Close Commands 
RCS Main Shut O f f  Valves - System A - Open - Power O f f  
C-Band Transponder O f f  
C-Band Transponder On 
RCS Main Shut O f f  Valves - System B - Close - Power On - 
I n h i b i t  Prime Open Commands 

RCS Main Shut O f f  Valves - System B - Close - Power O f f  
Spare 
Spare 
RCS Main Shut O f f  Valves - System B - Open - Power On - 
I n h i b i t  Prime Close Commands 
RCS Main Shut O f f  Valves - System B - Open - Power O f f  
LEM-SIVB Separat ion Command F i r e  
LEM-SIVB Separat ion Command F i r e  - O f f  
Landing Gear Deploy-Fi r e  
Landing Gear Deploy - O f f  
AGS Status - ASA - Standbyloperate 
AGS Status - A S A  - Warm up 
Abort Stage - Enable 
Abort Stage - D isab le  
AGS Status - AEA - Operate 
AGS Status - AEA - Warm-UplStandby 
Ascent Helium Tank I n h i b i t  - Tank # I  D isab le  
Ascent Helium Tank I n h i b i t  - Tank #2 Disab le  

Spare 
Spare 
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TABLE 5 - (Continued) 

REAL-TIME COMMANDS 

00 B 
O I B  
OYB 
058 
108 
I I B  
I 48 
I58 
208 
218 
248 

258 
30 B 

318 
34B 
358 
408 

418 

448 
458 
50 B 
518 
548 
558 
608 
618 

FUNCTIONS 

Engine Select  - Descent A r m  On 
Engine Select  - Descent A r m  O f f  
Landing Radar On, D isab le  O f f  
Landing Radar O f f  
Engine Stop Over r ide  - On 
Engine Stop Over r ide  - O f f  
Engine S t a r t  Over r ide  - On 
Engine S t a r t  Over r ide  - O f f  
On-Board LMP A t t  i tude-Control  - D i  sab le  
Cn-Board LMP Trans! a t i c n  Contrcl - Disable  
Contro l  Mode Se lec t  - Enable A t t i t u d e  Hold, I n h i b i t  
Auto 
Contro l  Mode Se lec t  - Release Auto I n h i b i t  
Cont ro l  Mode Se lec t  - Enable Auto, I n h i b i t  A t t i t u d e  
Hold 
Contro l  Mode Se lec t  - Release A t t i t u d e  Hold I n h i b i t  
Prime Relay Master Reset - On 
Prime Relay Master Reset - O f f  
Guidance Contro l  Se lec t  - AGS 
Auto T h r o t t l e  Cont ro l  - O f f  
PRA Select  and Stop - On 
I n h i b i t  Auto Engine On 
Guidance Contro l  Se lec t  - PGNCS 
Auto T h r o t t l e  Cont ro l  - On 
PRA Select  and Stop - O f f  
Remove Auto Engine On I n h i b i t  
Crossover Water Coolant Valve Open - Power On 
Crossover Water Coolant Valve Open - Power O f f  
G lyco l  Pump Se lec t  - Enable No. 2 (A l so  D isab le  No. I) 
Glycol  Pump Se lec t  - Enable # I  (A lso  D isab le  #2) 
DFI T/M Cal i b r a t e  On 

DFI T/M C a l i b r a t e  O f f ,  I n h i b i t  P r i m e  Contro l  
X Ax is  T r a n s l a t i o n  Over r i de  On 
X Ax is  T r a n s l a t i o n  Over r ide  O f f  
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REAL-TI ME COMMANDS 

~~ 

61cB 
65B 
70 B 
718 
748 
758 

TABLE 5 - (Continued) 

FUNCTIONS 

ED Battery Act iva t ion  - Arm 

ED Battery Act iva t ion  - Safe 
RCS He1 i urn Pressuri  z a t  
RCS He1 ium Pressur iza t  
Deadband Select  - Min 
~....JL-,A *..I ..-L c-..L ucauuaiiu Q G ~  PLL - ciiau 

on - F i r e  
on - Off 



TABLE 6 - UP-DATA I NFORMAT I ON FORMATS (S- I V a l 1  U) 

B ITS 

1-3 
4- 6 
7 

8-9 
IO 
I I  
12 
3-14 
5- I8  

19-24 
25 

26- 30 
3 1-35 

TOTAL 
BITS PER 
FUNCT I ON 

3 
14 
13 
2 
2 
1 

FUNCT I ON 

Veh i cl e Address 
Decoder Address ( D A )  
Mode B i t  
I n t e r r u p t  B i t s  (To Prov ide  T rans fe r  To Subprograms) 
Sync B i t  
DA 
Sync B i t  
Data B i t s  
DA 
Data B i t s  
DA 
Data B i t s  
DA 

FUNCT I ON 

Veh i cl e Address 
Decoder Address . 
Data B i t s  
Sync B i t s  
I n t e r r u p t  B i t s  
Mode B i  t 


